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CHAPTER 1. INTRODUCTION 
My primary research interest, and thus my dissertation, centers on a key life 
event: menarche, or first menstrual period.  Scholars have spent the last few decades 
documenting the declining age of menarche around the world (see Posner, 2006 for a 
review). Assessing the correlates and consequences of reaching menarche at a young age 
has contributed to understanding how important menarcheal timing is for human health. 
This research has also significantly developed our understanding of how pubertal 
development unfolds in humans as well as the interplay between genetics and the 
environment in terms of human growth and development.  Thus, a large body of 
knowledge regarding individual predictors and consequences exists, providing an 
excellent foundation for broader exploration of the larger implications of a decline in 
menarcheal age.   
This dissertation expands on this foundation to explore a long-term effect of a 
decline in menarcheal age.  Specifically, I am interested in expanding knowledge 
regarding the long-term influence of menarcheal timing and subsequent reproductive 
development by examining next-generation health effects of the timing of maternal 
reproductive development, including the timing of menarche, sexual debut, and first 
childbirth, from an evolutionary perspective.  While some researchers have begun to 
examine next-generation health effects of individual facets of reproductive development 
(Kirchengast & Hartmann, 2000; Basso, Pennell, Chen, & Longnecker, 2010; Jolly et al., 
2000; Lenders et al. 2000; Jokela et al., 2007; Coall & Chisholm, 2003), very few have 
framed this research within an evolutionary perspective; yet, evolutionary theories 
provide a unique lens through which to examine modern human health. Indeed, 
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individual predictors and consequences of the timing of reproductive development have 
been explored, but in order to understand broad, long-term, intergenerational 
consequences, further research in this area is needed.   
The Evolutionary Perspective. 
Evolutionary theories that are used to examine human health and development fill 
a gap left by other psychological theories of development.  Buss (1995) noted that human 
behavior is made possible by underlying psychological mechanisms, and that other 
psychological theories of development imply the existence of these mechanisms.  For 
example, Bowlby suggested that human development is influenced by attachment, 
especially to caregivers (Bowlby, 1969). Bronfenbrenner posited the bioecological 
framework, which suggests that individuals are influenced by both genetics and the 
environment, including the physical and social environments (White & Klein, 2008).  
While these theories have proven extremely useful in understanding human relationships 
and behavior by answering the question, “How?” (i.e. how does the parent-child bond 
affect the child’s development?), they do not address the question of, “Why?”  Why does 
the parent-child bond affect the child’s development?  Why does the family environment 
during childhood affect psychological, emotional, and social development in adulthood?  
Ultimately, why are humans so sensitive to physical and social surroundings?  
Inarguably, an understanding of “how” is vital, though it is only the evolutionary 
perspective that can examine both questions of, “Why?” and, “How?” (Belsky, 2010).  
For example, how does maternal reproductive development influence offspring health, 
and why does maternal reproductive development influence offspring health?   
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These questions can be addressed using an evolutionary perspective, which 
considers the way in which humans evolved and the underlying mechanism, or force, 
behind human development and behavior.  Specifically, the evolutionary perspective 
posits that the ultimate force behind human development and behavior is the need to 
maximize reproductive fitness by producing viable offspring and thus passing on genetic 
material. Because humans are born immature, have large, complex brains, require 
significant parental investment, and take a long time to reach reproductive maturity, we 
have evolved to be especially sensitive to our environment in terms of the availability or 
non-availability of resources (Draper & Harpending, 1982).  Specifically, the 
hypothalamic-pituitary-adrenal (HPA) and hypothalamic-pituitary-gonadal (HPG) axes in 
the brain execute two different but related functions: the HPA axis acts as an internal 
barometer that informs the brain of the conditions of the external environment, while the 
HPG axis, which is connected to the HPA axis, controls the hormones that are released 
for pubertal maturation.  It is through these evolved mechanisms that the physical and 
social environment influences human reproductive development, and sets off a life 
history strategy intended to maximize reproductive fitness in the context of the 
environment.  Thus, the evolutionary perspective can be used to examine environmental 
influences on an individual’s reproductive health and development, and the long-term 
consequences of the timing and tempo of reproductive development.  
In addition, the evolutionary perspective is the only perspective that allows for an 
understanding of reproductive health and behavior in terms of tradeoffs between quality 
and quantity of offspring.  For example, evolutionary theories can be used to explore the 
long-term, intergenerational effects of maternal reproductive development on the number 
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of children the mother is able to have and the health of her children.  By assessing public 
health issues from an evolutionary perspective, researchers may further our 
understanding of the long-term effects of cultural and environmental influences on 
human health and development by elucidating the ways in which the mechanisms we 
evolved in an ancestral environment serve (or disserve) us in today’s environment.   
Life History Theory.  In an effort to contribute to knowledge regarding the 
importance of the timing of reproductive development on individual next-generation 
health, this research utilized life history theory, an evolutionary perspective, to explore 
why and how maternal reproductive development influences offspring quantity (number 
of offspring) and quality (infant and child health). This theory is used to explain the ways 
in which an organism allocates finite metabolic energy for growth, maintenance, or 
reproduction in order to maximize reproductive fitness (Ellis, 2004).  In an ideal 
environment, humans will allocate a great amount of energy to growth during the first 
decade of life (childhood) and maintenance during the second decade of life 
(adolescence).  In the second decade of life, humans must allocate energy to growing 
reproductive organs and, especially for females, provisioning offspring.  But, life history 
theory posits that, in adverse conditions, reproductive maturation will be accelerated (the 
transition from growth to maintenance to reproduction will be hastened) so as to ensure 
the propagation of the genetic line in case the parent does not survive (Ellis, 2004).  
Earlier reproductive development can be achieved by accelerating the reproductive index, 
and thereby lengthening the reproductive lifespan, thus allowing the mother to have her 
first child at a younger age.  However, earlier reproductive development may come at a 
cost, in terms of the tradeoff between the quantity and quality of offspring (in terms of 
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infant and child health and well-being).  Thus, life history theory was utilized in this 
dissertation in order to test hypotheses regarding the impact of an accelerated 
reproductive index on next-generation health. 
Dissertation Organization 
Following the manuscript dissertation format, this dissertation includes two 
studies that utilize restricted-use data from the National Longitudinal Study of Adolescent 
Health (Add Health) to examine the relationships between an accelerated maternal 
reproductive developmental index (AMRI; early menarche and/or early sexual debut 
and/or early first childbirth) and the quantity and quality of offspring.  Specifically, in 
Chapter 2, the first study, entitled, “The influence of the accelerated maternal 
reproductive index on the quantity and quality of offspring” explores whether or not an 
AMRI influences the number of children a woman has and the birth outcomes (low birth 
weight or LBW and premature birth) of her first child in light of many familial, 
socioeconomic, and individual factors.  Specifically, I hypothesized that an AMRI would 
significantly predict a higher number of offspring, as well as LBW and preterm birth. 
This study contributes to the literature by examining the effect of an AMRI on the 
quantity and quality of offspring; previous studies have only examined individual facets 
of the AMRI, not the cumulative reproductive index, on offspring outcomes.  Thus, 
results from this study will be beneficial for future research that examines trade-offs 
between quantity and quality of offspring.  In addition, this study contributes to the 
literature by controlling for a plethora of familial, socioeconomic, and individual factors 
that are also known to influence quantity and quality of offspring.   
 In Chapter 3, the second study, entitled, “The influence of an accelerated 
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maternal reproductive index and infant birth outcomes on subsequent child health 
outcomes” builds on the first paper.  While the first paper explored health in infancy, the 
second paper explored whether or not an AMRI impacts offspring’s health into childhood 
in light of familial, socioeconomic, individual, and infant factors.  Specifically, I 
hypothesized that an AMRI would predict more incidences of health conditions for 
offspring in childhood even after controlling for many familial, socioeconomic, and 
individual maternal factors, as well as LBW, preterm birth, and offspring’s age. This 
study contributes to existing knowledge about the impact of maternal reproductive 
development on next-generation health by examining the long-term effects of an AMRI 
on the health and well-being of offspring into childhood in terms of the number of health 
conditions a child had.   
Analyses for both of these studies focused on the health outcomes (LBW, preterm 
birth, and health conditions) of the mother’s first child. The first child was selected for 
these studies because, from an evolutionary perspective, the first child would have likely 
received the most parental resources (whether socioeconomic, emotional, or somatic), at 
least at the beginning of his/her life, and thus would theoretically have access to more 
parental resources and potentially enjoy better health.  The resources an only child 
receives are not shared with any other sibling; when a second or subsequent sibling enters 
the family, these resources are reallocated (and, in many ways, decreased; for a review, 
see Schlomer, Del Giudice, & Ellis, 2011).  In addition, the effectiveness or viability of 
the mother’s reproductive developmental index would be revealed in her first offspring’s 
health and development, since any subsequent offspring would have developed in utero 
with a mother who was already allocating resources to her first child. Thus, the analyses 
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focused on the first child only.  Lastly, Chapter 4 comprises a broad, overall conclusion, 
limitations, and implications of this research.   
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CHAPTER 2. THE INFLUENCE OF THE ACCELERATED MATERNAL 
REPRODUCTIVE INDEX ON THE QUANTITY AND QUALITY OF 
OFFSPRING 
 
Modified from a paper to be published in Evolution and Human Behavior 
Meghan T. Gillette1,2 and Brenda J. Lohman3 
 
Impact Factor: 3.646 
Research Report: 8,000 words maximum 
Word Count: 7,747 
Abstract 
Evolutionary theories are useful for examining public health issues as well as elucidating 
the ways in which the health and development of one generation impacts the next. 
Indeed, previous studies have found relationships between individual facets of maternal 
reproductive development (e.g. age at menarche, sexual debut, and first childbirth) and 
two primary components of the human reproductive strategy: the quantity and quality of 
her offspring.  In this study, life history theory was used to, for the first time, examine the 
effect of a cumulative accelerated maternal reproductive developmental index (consisting 
of early menarche, early sexual debut, early first childbirth; AMRI) on the quantity and 
quality (in terms of preterm birth and low birth weight; LBW) of offspring in light of a 
myriad of control variables. Using data from the National Longitudinal Study of 
Adolescent Health (Add Health), results showed that an AMRI significantly predicted a 
                                                
1 Primary researcher and corresponding author. 
2 Graduate student, Department of Human Development and Family Studies, Iowa State   
   University 
3 Associate Professor, Department of Human Development and Family Studies, Iowa  
   State University 
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higher number (quantity) of offspring, but did not significantly predict the quality of 
offspring.  This may have been due to the plethora of life factors (familial, individual, and 
socioeconomic) included in the model, since previous studies did not control for all of 
these influences. Most notably, father absence during the mother’s childhood 
significantly impacted quality of offspring, a finding that requires further exploration. In 
conclusion, this study provides a starting point for future investigations regarding 
cumulative maternal reproductive trajectories and the extent to which they can be used to 
examine trade-offs between the quality and quantity of offspring among humans. 
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1. Introduction          
 Many scholars have utilized evolutionary theories to examine public health issues, 
as evolutionary perspectives can be used to assess not only the proximate (“how”) but 
also the ultimate (“why”) causes of a particular issue (Belsky, 2010). Evolutionary 
theories are especially helpful in elucidating the ways in which the health and 
development of one generation impacts the next.  An understanding of the 
intergenerational transmission of health and developmental patterns is vital for addressing 
current health issues, including high rates of low birth weight (LBW; less than 5.5 
pounds; World Health Organization Statistical Information System, 2012) and preterm 
birth (birth before 37 weeks; Centers for Disease Control, 2012).  Indeed, LBWs and 
preterm births are on the rise in the U.S. (Donahue et al., 2010; Martin et al., 2010; 
Martin et al., 2002; Annie E. Casey Foundation, 2009) and tend to occur from one 
generation to the next (Annie E. Casey Foundation, 2009).  Since the consequences of 
LBW and preterm birth are both extensive and expensive (e.g., preterm births cost the 
U.S. healthcare system more than $26 billion dollars per year; Centers for Disease 
Control, 2011; LBW babies are more likely to experience disabilities, chronic disease, 
and/or morbidity; Goldenberg & Culhane, 2007), exploring both why more LBW and 
preterm babies are being born and how this cycle is perpetuated is essential. 
Understanding the pathways through which the propensity for preterm birth and/or LBW 
operates may inform policy makers, public health officials, and interventionists, and may 
contribute to a reversal in these unhealthy trends.  
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1.1 Life history theory 
In this study, life history theory (a type of evolutionary theory; Stearns, 1992) was 
used to explore the intergenerational transmission of health.  Briefly, this theory is used 
to explain the ways in which an organism allocates finite metabolic energy for growth, 
maintenance, or reproduction in order to maximize reproductive fitness, or their ability to 
successfully pass on genetic material to reproductively viable offspring (Ellis, 2004). 
Specifically, humans have evolved flexible developmental patterns (i.e. variable timing 
of menarche) so as to maximize the ability to reproduce offspring and successfully 
continue propagation of the genetic line.  Furthermore, humans have evolved a 
reproductive strategy that favors quality over quantity (Gluckman et al., 2011; Gluckman 
& Hanson, 2006); unlike other animals, humans tend to have fewer offspring (lower 
quantity) who require significant parental investment (higher quality).  But, theoretically, 
a trade-off must occur between current and future reproduction and the quantity and 
quality of offspring. That is, maximizing quality of offspring (at the expense of a high 
quantity of offspring) may ensure high-quality offspring over generations and thus a 
higher likelihood of propagation of the genetic line, but only if the offspring survive. Yet, 
maximizing the quantity of offspring may ensure the probability that at least some will 
survive and reproduce, even if the parent is not able to invest heavily in each one, 
potentially resulting in lower quality (Chisholm et al., 2005).   
In the context of this study, life history theory would suggest that girls who reach 
menarche (first menstrual period) early would be more likely to engage in an accelerated 
reproductive pattern (including early age at sexual debut and/or early age at first 
childbirth) that favors early reproduction rather than late reproduction and quantity over 
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quality of offspring.  Engaging in this reproductive pattern is not necessarily a conscious 
decision; life history theory suggests that favoring quantity over quality of offspring may 
be an adaptive strategy left over from living in a stressful ancestral environment.  Thus, 
this study assessed the impact of an accelerated maternal reproductive index (AMRI) on 
both quantity (the number of offspring) and quality of offspring (LBW and preterm birth 
of the first born). 
1.2 Accelerated maternal reproductive index  
Since this study examined the influence of an AMRI on quantity and quality of 
offspring, an operational definition of an AMRI is needed. Based on previous literature, 
the AMRI was comprised of early menarche (before age 12; Ge, et al., 2007; Watson et 
al., 2007; Ge et al., 2001; Cavanagh, 2004; Foster et al., 2008; Manlove et al., 2007; 
Zabin et al., 2005; Romans et al., 2003; Wise et al., 2009), and/or early sexual debut (first 
sexual intercourse before age 16; Ellis et al. 2003; Fergusson & Woodward, 2000; Paul et 
al., 2000; Spriggs & Halpern, 2008; Neberich et al., 2010), and/or early age at first 
childbirth (before age 21; Boden et al., 2008; Dupont & Page, 1986; Chisholm et al., 
2005).  Indeed, menarcheal age, sexual debut age, and age at first childbirth are often 
correlated; girls who reach menarche early are more likely to experience early sexual 
debut (Neberich et al., 2010; Downing & Bellis, 2009; Edgardh, 2000; Chodick et al., 
2005; Watson et al., 2007; Udry, 1979).  Similarly, girls who reach menarche early 
and/or sexual debut early are more likely to have their first child at an earlier age 
(Chisholm et al., 2005; Quinlan, 2003; Udry, 1979).   
 Women who reach all or some of these milestones earlier than the average woman 
are said to have an accelerated reproductive index (Belsky et al., 2011; Quinlan, 2003).  
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Quinlan (2003) regarded these three constructs as comprising a woman’s reproductive 
index, but only evaluated them separately, not cumulatively. While scholars have 
explored these individual reproductive milestones on quantity and quality of offspring 
among humans (see Kirchengast & Hartmann, 2000; Basso et al., 2010; Jolly et al., 2000; 
Lenders et al. 2000; Jokela et al., 2007; Coall & Chisholm, 2003), none have, to our 
knowledge, examined the effect of a cumulative AMRI on quantity and quality of 
offspring.   
1.3 Antecedents of the AMRI and quality and quantity of offspring 
 In addition to utilizing a cumulative maternal reproductive index variable for the 
first time, this study is also unique in that it incorporated a plethora of familial, 
individual, and socioeconomic life factors that may influence the maternal reproductive 
index and quantity and quality of offspring.  For example, LBW girls are more likely to 
experience compensatory catch-up growth in childhood, which leads to early menarche 
(Ibanez et al., 2006; Ong & Dunger, 2004; Sloboda et al., 2007). In addition, LBW 
mothers are four times more likely to have a LBW baby (Annie E. Casey Foundation, 
2009). Father absence during childhood predicts early menarche (for an explanation, see: 
Draper & Harpending, 1982; Belsky et al., 1991; Ellis, McFayden-Ketchum et al., 1999; 
Hoier, 2003; Maestripieri et al., 2004; Matchock & Susman, 2006; Bogaert, 2005; 
Quinlan, 2003; Ellis et al., 1999).  Parent’s income and education level have been shown 
to influence menarche, sexual debut, and age at first pregnancy wherein those with a 
lower socioeconomic status are more likely to experience these reproductive events at an 
earlier age (Quinlan, 2003; Blum et al., 2003). In the current study, access to health 
insurance in childhood was also included as an indicator of socioeconomic status. Finally, 
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girls who are overweight and/or obese are more likely to start puberty earlier (Rosenfield 
et al., 2009; Adair & Gordon-Larsen, 2001; Anderson & Must, 2005; Currie et al., 2012).  
Jokela et al. (2007) found that women who were underweight or obese as adolescents had 
fewer children in adulthood. 
Individual, family, and socioeconomic life factors during adolescence and 
adulthood also impact reproductive development and the health of offspring.  Girls who 
experience early sexual debut are less likely to initiate postsecondary education (Spriggs 
& Halpern, 2008; Parkes et al., 2010); in addition, an inverse relationship between 
secondary education and the number of children exists (Cohen et al., 2011; Castro, 1995). 
In terms of weight status, scholars have found that underweight women are more likely to 
have a LBW infant and preterm birth (Goldenberg et al., 2008; Hendler et al., 2005; 
Doherty et al., 2006). Overweight and obese mothers are more likely to give birth to a 
high birth weight infant and to have a preterm birth (Baeten et al., 2001). Access to health 
insurance in adulthood as well as if the mother received prenatal care were included in 
the current study, despite the debate about the effectiveness of prenatal care in improving 
health outcomes (see Lantos & Lauderdale, 2011; Fiscella, 1995; Walford et al., 2011; 
MacDorman & Singh, 1998). Finally, ethnicity was also considered, as ethnic disparities 
in reproductive development and offspring health exist (Wu et al., 2002; Anderson & 
Must, 2005; Cavanagh, 2004; McDowell et al., 2007; Cavazos-Rehg et al., 2009; Blum et 
al., 2000; Schieve & Handler, 1996; Annie E. Casey Foundation, 2009). These 
individual, family, and socioeconomic factors have been included, in some combination, 
in previous studies, but not collectively in one analysis, as in this study.   
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1.4 Hypotheses 
 The aim of this study was to fill the current gap in the literature by being the first, 
to our knowledge, to explore the impact of a cumulative AMRI on two primary 
components of the human reproductive strategy, quantity and quality of offspring (LBW 
and preterm birth), in light of a myriad of confounding individual, family, and 
socioeconomic factors (see Figure 1). The findings will set the stage for future research 
on the intergenerational transmission of health, the pathways by which preterm birth and 
LBW occur, and the trade-offs between quantity and quality of offspring. Therefore, 
guided by life history theory and based off of previous studies, three hypotheses were 
formulated:  
1. Quantity: An AMRI would significantly predict a higher number of offspring; 
2. Quality:  
a. An AMRI would significantly predict LBW of the offspring; 
b. An AMRI would significantly predict preterm birth of the offspring. 
2. Methods 
2.1 Sample 
Longitudinal data is useful for studying the intergenerational transmission of 
developmental patterns and disease.  Thus, the National Longitudinal Study of Adolescent 
Health (Add Health) was utilized, as it contains data following the participant from 
adolescence to adulthood, as well as outcomes of his/her offspring.  Add Health is a 
nationally representative panel study of adolescents initially drawn from a random cluster 
sample of public, private, and parochial high schools (and their feeder schools) in the 
United States. The first wave of the study (1994-1995) gathered information from 
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students in grades 7-12 as well as information from a portion of the adolescent’s 
caregivers. A second wave followed one year later. A third wave of the study took place 
six years later (2001-2002) when most respondents were ages 18-26, and a fourth wave 
of the study was completed in 2008, when the respondents were between the ages of 24 
and 34 (Harris et al., 2009).  Only data from those females who participated in, at the 
very minimum, Waves I and IV, whose caregiver completed the parent in-home 
questionnaire in Wave I, and who reported at least one live birth were used, yielding a 
sample size of 2,797.  These participants, referred to for the duration of the paper as 
“targets” answered questions about their offspring. A description of the sample is 
provided in Table 1. 
2.2 Measures 
2.2.1. Dependent variables 
Number of offspring (target). In Wave IV, the target reported how many live 
births she had ever had. To reduce skewness, this variable was top-coded to represent one 
to four or more births. 
Preterm birth (offspring). In Wave IV, participants were asked if their first baby 
was born before, on, or after their due date.  For those who reported their baby was born 
before the due date, the number of weeks early was recorded.  The variable was coded as 
1 = birth before 37 weeks and 0 = birth 37 weeks or later (Centers for Disease Control, 
2012). 
Low infant birth weight (offspring).  In Wave IV, participants were asked, “Did 
[baby] weigh less than 5.5 pounds at birth?”  They responded 1 = yes or 0 = no.  
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2.2.2. Independent variable. 
Accelerated maternal reproductive index (target). Three variables, early 
menarche, early sexual debut, and early age at first childbirth, were dichotomized where 
1 = early and 0 = not early. These were then summed to create a composite variable 
wherein a higher value represented a more accelerated reproductive index. A description 
of each dichotomous variable follows. 
Early menarcheal age. Participants were asked in Waves I and II, “How old were 
you when you had your very first menstrual period?” Menarcheal age at Wave II was 
used, though age at Wave I was used if the information was not given in Wave II.  This 
variable was dichotomized where 1 = reached menarche 11 years or younger and 0 = 
reached menarche at age 12 or later, consistent with previous methods (Ge et al., 2007; 
Watson et al., 2007; Ge et al., 2001; Cavanagh, 2004; Foster et al., 2008; Manlove et al., 
2007).  
Early sexual debut age. Participants were asked in Waves I and II to provide the 
year they first engaged in sexual intercourse; in Wave III, participants were asked to 
report their age at first sexual intercourse. Ages at sexual debut in Waves I and II were 
calculated by subtracting the participant’s birth year from the reported year of sexual 
debut.  Following Brückner and Bearman (2005), age of sexual debut was taken from 
Wave I if reported; from Wave II if no age at Wave I was reported; and Wave III if no 
age at Wave I or II was reported.  This variable was dichotomized where 1 = reached 
sexual debut age 15 years or younger; and 0 = reached sexual debut age 16 years or older, 
as is consistent with previous studies (Neberich et al., 2010; Downing & Bellis, 2009; 
Edgardh 2000; Chodick et al., 2005; Watson et al., 2007).  
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Early age first childbirth (target). In Wave IV, the age of the first child reported 
was subtracted from the mother’s age, yielding the age at which the mother had her first 
live birth. This variable was dichotomized where 1 = had first child early (before age 21), 
or 0 = had first child at 21 years or after (Boden et al., 2008; Dupont & Page, 1986; 
Chisholm et al., 2005). 
2.2.3. Individual, familial, and socioeconomic covariates 
Low maternal birth weight.  In Wave I, a parent questionnaire was completed by a 
caregiver of the adolescent, wherein the caregiver was asked to report the birth weight of 
the adolescent in pounds and ounces. The variable was dichotomized where 1 = birth 
weight below 5.5 pounds and 0 = birth weight of 5.5 pounds or more (Centers for Disease 
Control, 2013).    
Father absence during target childhood. In Wave I, the caregiver reported 
whether or not the adolescent’s father was living in the home or not.  This variable was 
dichotomized where 1 = father was absent at any point during childhood (including those 
who never lived with the adolescent) and 0 = father was not absent during childhood.   
Target adolescent weight status. Body mass index (BMI) in Wave I was 
calculated using the adolescent's self-reported measurements of height and weight 
(kg/m2).  Up to age 20, BMI is age and gender-specific; thus, BMI percentages were used 
to categorize the adolescents into four weight categories based on the Centers for Disease 
Control (CDC) classification system: underweight (BMI <5th percentile); healthy weight 
(BMI 5th to 84th percentiles; overweight (BMI 85th to 94th percentile); and obese (BMI	 ≥ 
95th percentile) (Centers for Disease Control, 2011).  Dummy variables were created for 
19 
 
each of the categories where 1 = part of that weight status and 0 = not part of that weight 
status; participants who were “healthy” comprised the referent group. 
Parent income during target adolescence. In Wave I, the caregiver reported the 
total household income (in 1995 dollars).   Following Blum et al.’s (2000) measure using 
Add Health data, income was rounded to the nearest thousand dollars.  For those 
participants whose parents did not report income, the median value of the participant’s 
subgroup was imputed (based on sex, race/ethnicity, marital status, welfare status, and 
education).   
Parent education level during target adolescence. In Wave I, the caregiver 
reported his/her highest level of education attained. This was transformed into four 
categories: less than high school diploma; high school diploma or GED; some 
postsecondary education; bachelor's degree or higher (Spriggs & Halpern, 2008). Dummy 
variables were created for each of the categories where 1 = attained that education level 
and 0 = did not attain that education level; those who reported having a bachelor’s degree 
or higher comprised the referent group. 
Target access to health insurance in adolescence. In Wave I, caregivers were 
asked, "What type of health insurance does [child] have?"  Participants could specify 
what type of insurance they had, or could indicate they did not have any. This variable 
was dichotomized where 1 = had health insurance of some kind; or 0 = did not have 
health insurance.  
Target age. Age of the participant at Wave IV was included.  Ages ranged from 
24 to 32 years. 
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Target ethnicity. Race/ethnicity information was reported at Wave I. Participants 
were categorized as either Hispanic/Latino, White, Black or African-American, American 
Indian or Native American, and Asian, or Other (Add Health, n.d.), where 1 = part of that 
ethnic category and 0 = not part of that ethnic category. Participants who identified as 
White comprised the referent group.  
Target adult education level. In Wave IV, the participants were asked to report 
their highest education level they had achieved to date.  This variable was categorized 
into four categories: less than high school diploma; high school diploma or GED; some 
postsecondary education; Bachelor's degree or higher (Spriggs & Halpern, 2008). 
Dummy variables were created for each of the categories where 1 = attained that 
education level and 0 = did not attain that education level; those who reported having a 
bachelor’s degree or higher comprised the referent group. 
Target access to health insurance as an adult. Participants were asked to report 
their current health insurance situation in Wave IV.  They reported the type of health 
insurance they had (e.g., private insurance, on parent’s insurance, Medicaid) or reported 
that they did not have any health insurance.  This variable was dichotomized, where 1 = 
had health insurance of some kind; or 0 = did not have health insurance. 
Target adult weight status. Add Health field interviewers took weight and height 
measurements of the target in Wave IV, from which the Add Health team created a BMI 
variable.  Participants were categorized into the following four CDC BMI categories: 
underweight (<18.5); normal (18.5-24.9); overweight (25-29.9) and obese (30+) (Centers 
for Disease Control, 2011). Dummy variables were created for each of the categories 
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where 1 = part of that weight status; or 0 = not part of that weight status; participants who 
were “healthy” comprised the referent group. 
Visited a midwife/doctor for prenatal care.  Female participants were asked in 
Wave IV if they ever visited a doctor, nurse-midwife, or any other type of health care 
provider for prenatal check-ups.  Participants answered 1 = yes or 0 = no.  
2.3 Analytic Plan  
Since the purpose of this study was to explore the influence of maternal 
reproductive development on the number of offspring and infant birth outcomes, a 
multiple linear regression and logistic regressions were completed in SPSS 22.0.  Iowa 
State University’s Institutional Review Board deemed this study exempt from approval 
for research, since it is deidentified secondary data.  
3. Results 
Results of the linear and logistic regressions are presented in Tables 2 - 4. Significant 
findings for each of the regressions are discussed in turn. 
3.1 Hypothesis 1: Quantity: An AMRI predicts a higher number of offspring.   
As hypothesized, an AMRI significantly predicted a higher number of offspring 
(more children; β=.18, p<.001). The regression also revealed significant individual and 
socioeconomic factors.  First, African Americans had more children compared to Whites 
(β=.04, p <. 05). Second, the older the mother was when surveyed in adulthood, the more 
children she was likely to have (β=.10, p<.001). Third, those who were less educated, 
such as mothers with less than a high school degree (β=.22, p<.001), a high school degree 
only (β=..18, p<.001), and some college credits completed (β=.12, p<.001), had more 
children compared to those women with a college degree. Finally, those mothers who 
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received prenatal care during pregnancy had more children than those who did not 
receive prenatal care (β=.09, p<.001).    
3.2 Hypothesis 2a: Quality: An AMRI predicts LBW of the offspring.  
An AMRI did not significantly predict the offspring’s LBW; in other words, 
experiencing reproductive milestones at an early age such as menarche, sexual debut, and 
childbirth did not lead to having a LBW baby, contrary to previous studies.  Four 
individual, family and socioeconomic factors were significant, however.  First, a one 
standard deviation (approximately $26,000) increase in parental income the mother 
experienced when she was an adolescent decreased the chances of having a LBW baby 
by 1% (p<.05). Second, if the mother was a LBW baby herself, her baby was 39% less 
likely to have a LBW (p<.05; a possible explanation for this counterintuitive finding is 
presented in the Discussion section). Third, if the mother, as an adolescent, had 
experienced father absence at any time, the odds of her baby having a LBW increased by 
39% (p<.05). Finally, if the mother was overweight in adulthood, her baby was 37% less 
likely to have a LBW (p<.05).   
3.3 Hypothesis 2b: Quality: An AMRI predicts preterm birth of the offspring.  
Similar to results for Hypothesis 2a, an AMRI did not predict having a preterm 
baby.  Three individual and family factors reached significance. First, if the mother as an 
adolescent experienced father absence at any time, she was 41% more likely to have a 
preterm birth (p<.05). Second, if the mother identified as Asian, she was 71% less likely 
to have a preterm birth compared to mothers who identified as White (p<.05). Third, if 
the mother was underweight in adulthood, she was 122% more likely to have a preterm 
birth compared to mothers who had a healthy weight in adulthood (p<.05).  
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4. Discussion 
This study expanded current knowledge regarding maternal reproductive 
development and its impact on the quantity and quality of offspring.  Based on life 
history theory and previous studies, we explored whether an AMRI would significantly 
predict both quantity and quality of offspring.  Another unique facet of this study was the 
inclusion of a plethora of individual, family and socioeconomic factors. With such a rich 
dataset like Add Health, we aimed to include a large number of individual, family and 
socioeconomic confounding factors that may not have been included in previous studies. 
Results of this study found that an AMRI was related to the quantity of offspring 
but not the quality.  Specifically, an AMRI significantly predicted the number of 
offspring a woman had, but did not predict LBW or preterm birth of her first born.  That 
is, when early menarche, early sexual debut, and early age at first childbirth were 
combined into one variable to represent an AMRI, it only predicted the quantity of the 
offspring, not necessarily the quality of the offspring.  The lack of significant findings 
regarding quality is unexpected given previous work, where others found a relationship 
between mother’s age at menarche and offspring quality in terms of offspring size (Basso 
et al. 2010; Kirchengast & Hartmann, 2000) as well as the mother’s age at childbirth and 
preterm birth and low birth weight (Jolly et al., 2000; Fraser et al., 1995; Chen et al., 
2007). However, previous work did not examine maternal reproductive development 
cumulatively, but rather only individual facets of reproductive development (i.e. age at 
menarche, age at childbirth).  
Our findings regarding quantity partially support life history theory, which would 
suggest that a faster reproductive developmental index would represent a quantity over 
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quality reproductive strategy.  Indeed, if a mother experienced an accelerated 
reproductive index she was significantly more likely to have more children.  However, 
we do not know if there was a trade-off between quantity and quality of offspring. That 
is, we do not know if those who have many children also have children with more health 
problems, as life history theory may suggest. Furthermore, we do not know the extent to 
which parents, or at least mothers, make conscious decisions regarding current and future 
reproductive trade-offs in terms of quantity and quality of life for their offspring.  Future 
work that is qualitative in nature could help explore the ways in which parents make 
decisions about whether or not to continue to reproduce.   
Our hypothesis regarding quality of offspring was not supported; an AMRI did 
not predict quality of the offspring as measured by LBW or preterm birth. We postulate 
that this may be because of the low number of offspring who had LBW (8%) and preterm 
birth (9%).  The result may also be attributed to the many individual, family and 
socioeconomic factors that were included in the analyses. Previous studies had not 
included as many control variables in one model, and this may have washed out any 
effects of maternal reproductive development on offspring quality, suggesting that 
perhaps it is not necessarily the mother’s reproductive development but other 
characteristics in childhood and adulthood that predict LBW and preterm birth.  Notably, 
the control variables that were significant, such as the mother’s LBW, her environment in 
adolescence (father absence, parent’s income), and weight status as an adult, represent a 
range of influences, including familial, socioeconomic, and physiological, on her 
offspring’s health.  In addition, these influences represent a range of stages in the 
mother’s life history: characteristics at birth, in adolescence, and in adulthood all play a 
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role in predicting the quality of her offspring. Together, these findings support the notion 
that the intergenerational transmission of health is multifaceted and complex, but reveals 
many points of intervention for improving health and well-being.   
One unpredicted finding was that those mothers who had a LBW themselves were 
39% less likely to have a low birth weight baby.  This may be due to the compensatory 
catch-up growth that many LBW babies experience (Ibanez et al., 2006; Barker & 
Osmond, 1986). Briefly, LBW babies undergo fetal programming that wires their bodies 
to conserve metabolic resources in the womb (resulting in a small body size) but to over 
compensate in childhood and beyond when exposed to adequate calories, in case those 
resources become unavailable later in life.  Thus, LBW babies tend to become obese in 
adulthood (Hales et al., 1991). Indeed, of those targets who had a LBW themselves 
(approximately 8% of the sample), 34% were obese and 26% were overweight in 
adulthood. Only 13% of LBW targets had a LBW baby. Compensatory catch-up growth 
may possibly provide some sort of buffering effect against having a LBW offspring. 
However, further research is needed to confirm this finding.  
A second important finding was the effect of father absence on the quality of 
offspring; if the father was absent during the mother’s childhood, she was more likely to 
have a LBW or preterm baby.  The impact of father absence on menarcheal timing was 
discussed in the introduction. Briefly, evolutionary theories (such as psychosocial 
acceleration theory) suggest that father absence from the home signals to the child that 
the future is unstable, that caregivers cannot be trusted, and that quality mates are 
unavailable, thus prompting an accelerated maturation in response to these stressful cues 
(Draper & Harpending, 1982; Belsky et al., 1991; Ellis, 2004).  However, the significant 
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impact of father absence on the third generation’s health is unprecedented. We are not 
able to affirm a specific reason as to why father absence may impact the quality of his 
infant grandchildren.  Perhaps the same mechanism(s) (e.g. epigenetics, fetal 
programming) that elicit(s) an AMRI when father absence occurs in childhood are not 
only influential in childhood and adolescence.  It may be the case that these mechanisms 
are still at work in adulthood, and evoke long-term effects that persist into the third 
generation. Regardless, this unexpected finding provides an excellent starting point for 
research that examines familial influences on third-generation health and development, as 
it highlights the long-term effects of father absence from the home not only on his child’s 
health but also his grandchildren. 
5. Future Directions 
While the hypotheses for this study were only partially supported, evolutionary 
theories that examine the intergenerational transmission of health are still beneficial for 
addressing current public health issues. While this study utilized life history theory to 
assess the impact of an AMRI on quantity and quality of offspring, the next step should 
be to examine trade-offs between quantity and quality of offspring.  That is, do those 
women with an AMRI and who have more offspring make a trade-off between the 
number of offspring and the quality of offspring? Future studies will need to examine 
whether an AMRI is advantageous for humans in terms of increasing the number of 
offspring, or if an AMRI is not actually advantageous because it may contribute to poor 
infant health outcomes.   
 
  
27 
 
Acknowledgements 
This research uses data from Add Health, a program project directed by Kathleen Mullan 
Harris and designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan Harris at 
the University of North Carolina at Chapel Hill, and funded by grant P01-HD31921 from 
the Eunice Kennedy Shriver National Institute of Child Health and Human Development, 
with cooperative funding from 23 other federal agencies and foundations. Special 
acknowledgment is due Ronald R. Rindfuss and Barbara Entwisle for assistance in the 
original design. Information on how to obtain the Add Health data files is available on the 
Add Health website (http://www.cpc.unc.edu/addhealth). No direct support was received 
from grant P01-HD31921 for this analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
28 
 
References 
 
Adair, L.S. & Gordon-Larsen, P. (2001). Maturational timing and overweight prevalence 
in US adolescent girls. American Journal of Public Health, 91, 642-644. 
Add Health. (n.d.). Program code for race. Retrieved from 
http://www.cpc.unc.edu/projects/addhealth/data/code/race 
Anderson, S.E. & Must, A. (2005). Interpreting the continued decline in the average age  
 at menarche: Results from two nationally representative surveys of U.S. girls  
 studied 10 years apart. The Journal of Pediatric, 147, 753-760. 
Annie E. Casey Foundation. (2009, July). Preventing low birthweight. (KIDS COUNT 
Indicator Brief). Baltimore, MD: Shore, R. & Shore, B. 
Baeten, J.M., Bukusi, E.A., & Lambe, M. (2001). Pregnancy complications and outcomes  
 among overweight and obese nulliparous women. American Journal of Public  
 Health, 91, 436-440. 
Barker, D.J. & Osmond, C. (1986). Infant mortality, childhood nutrition, and ischaemic 
heart disease in England and Wales. Lancet, 1, 1077-1081. 
Basso, O., Pennell, M.L., Chen, A., & Longnecker, M.P. (2010). Mother’s age at  
 menarche and offspring size. International Journal of Obesity, 34, 1766-1771. 
Belsky, J. (2010). Childhood experience and the development of reproductive strategies.  
 Psicotherma, 22, 28-34. 
 Belsky, J., Schlomer, G. L., & Ellis, B. J. (2011). Beyond cumulative risk: Distinguishing  
 harshness and unpredictability as determinants of parenting and early life history.  
 Developmental Psychology, 48, 662-673.	  
	  
Belsky, J., Steinberg, L., Draper, P. (1991). Childhood experience, interpersonal  
 development, and reproductive strategy: An evolutionary theory of socialization.  
29 
 
 Child Development, 62, 647-670.   
Blum, R.W., Beuhring, T., Shew, M.L., Bearinger, L.H., Sieving, E.E., & Resnick, M.D.  
 (2000). The effects of race/ethnicity, income, and family structure on adolescent  
 risk behaviors. American Journal of Public Health, 90, 1879-1884. 
Boden, J.M., Fergusson, D.M., & Horwood, L.J. (2008). Early motherhood and  
 subsequent life outcomes. Journal of Child Psychology and Psychiatry, 49,  
 151-160. 
Bogaert, A.F. (2005). Age at puberty and father absence in a national probability sample.  
 Journal of Adolescence, 28, 541-546. 
Brückner, H. & Bearman, P. (2005). After the promise: The STD consequences of 
adolescent virginity pledges. Journal of Adolescent Health, 36, 271-278. 
Castro, M.T. (1995). Women's education and fertility: Results from 26 demographic and 
health surveys. Studies in Family Planning, 26, 187-202. 
Cavanagh, S. (2004). The sexual debut of girls in early adolescence: The intersection of 
race, pubertal timing, and friendship group characteristics. Journal of Research on 
Adolescence, 14, 285-312. 
Cavazos-Rehg, P.A., Krauss, M.J., Spitznagel, E.L., Schootman, M., Bucholz,  
K.K., Peipert, J.F., Sanders-Thompson, V., Cottler, L.B., & Bierut, L.J. (2009). 
Age of sexual debut among U.S. adolescents. Contraception, 80, 158-162. 
Centers for Disease Control. (2011). Healthy weight – it’s not a diet, it’s a lifestyle!  
 About BMI for children and teens. Retrieved from  
http://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_
bmi.html#How is BMI used with children and teens 
30 
 
Centers for Disease Control. (2012). Reproductive Health: Preterm Birth. Retrieved  
from 
http://www.cdc.gov/reproductivehealth/maternalinfanthealth/PretermBirth.htm 
Centers for Disease Control. (2013). Birthweight and Gestation. Retrieved from  
 http://www.cdc.gov/nchs/fastats/birthwt.htm 
Chen, X-K., Wen, S.W., Fleming, N., Demissie, K., Rhoads, G.D., & Walker, M. (2007). 
Teenage pregnancy and adverse birth outcomes: a large population based  
retrospective cohort study. International Journal of Epidemiology, 36, 368-373. 
Chisholm, J.S., Quinlivan, J.A., Petersen, R.W., & Coall, D.A. (2005). Early stress 
predicts age at menarche and first birth, adult attachment, and expected lifespan. 
Human Nature, 16, 233-265. 
Chodick, G., Rademaker, A., Huerta, M.,  Balicer, R.D., Davidovitch, N., & Grotto, I. 
(2005). Secular trends in age at menarche, smoking, and oral contraceptive use 
among Israeli girls. Preventing Chronic Disease, 2, A12. 
Coall, D., & Chisholm, J. (2003). Evolutionary perspectives on pregnancy: Maternal age 
at menarche and infant birth weight. Social Science and Medicine, 57, 1771-1781. 
Cohen, J.E., Kravdal, Ø., & Keilman, N. (2011). Childbearing impeded education more 
than education impeded childbearing among Norwegian women. Proceedings of 
the National Academy of Science, 108, 11830-11835. 
Currie, C., Ahluwalia, N., Godeau, E., Gabhainn, S.N., Due, P., & Currie, D.B. (2012). Is 
obesity at individual and national level associated with lower age at menarche? 
Evidence from 34 countries in the Health Behaviour in School-aged Children 
Study. Journal of Adolescent Health, 50, 621-6. 
31 
 
Doherty, D.A., Magann, E.F., Francis, J., Morrison, J.C., & Newnham, J.P. (2006). Pre-
pregnancy body mass index and pregnancy outcomes. International Journal of 
Gynecology and Obstetrics, 95, 242-247. 
Donahue, S.M.A., Kleinman, K.P., Gillman, M.W., & Oken, E. (2010). Trends in birth  
weight and gestational length among singleton term births in the United States: 
1990-2005. Obstetrics & Gynecology, 115, 357-364. 
Downing, J. & Bellis, M.A. (2009). Early pubertal onset and its relationship with sexual 
risk taking, substance use and anti-social behaviour: A preliminary cross-sectional 
study. BMC Public Health, 9, 446-457.  
Draper, P., & Harpending, H. (1982). Father absence and reproductive strategy: An 
evolutionary perspective. Journal of Anthropological Research, 38, 255-273. 
Dupont, W.D. & Page, D.L. (1986). Breast cancer risk associated with proliferative  
 disease, age at  first birth, and a family history of breast cancer. American Journal  
 of Epidemiology, 125, 769-775. 
Edgardh, K. (2000). Sexual behaviour and early coitarche in a national sample of 17 year 
old Swedish girls. Sexually Transmitted Infections, 76, 98-102. 
Ellis, B.J. (2004). Timing of pubertal maturation in girls: An integrated life history  
 approach. Psyhological Bulletin, 130, 920-958. 
Ellis, B.J., Bates, J.E., Dodge, K.A., Fergusson, D.M., Horwood, L.J., Pettit, G.S., & 
Woodward, L. (2003). Does father absence place daughters at special risk for 
early sexual activity and teenage pregnancy? Child Development, 74, 801-821. 
Ellis, B.J., McFayden-Ketchum, S., Dodge, K.A., Pettit, G.S & Bates, J.E. (1999). 
Quality of early family relationships and individual differences in the timing of 
32 
 
pubertal maturation in girls: A longitudinal test of an evolutionary model. Journal 
of Personality and Social Psychology, 77, 387-401. 
Fergusson, D.M. & Woodward, L.J. (2000). Educational, psychosocial, and sexual 
outcomes of girls with conduct problems in early adolescence. Journal of Child 
Psychology and Psychiatry, 41, 779-792. 
Fiscella, K. (1995). Does prenatal care improve birth outcomes? A critical review. 
Obstetrics & Gynecology, 85, 468-479. 
Foster, H., Hagan, J. & Brooks-Gunn, J. (2008). Growing up fast: Stress exposure and 
subjective “weathering” in emerging adulthood. Journal of Health and Social 
Behavior, 49, 162-177. 
Fraser, A.M., Brockert, J.E., & Ward, R.H. (1995). Association of young maternal age 
with adverse reproductive outcomes. New England Journal of Medicine, 332, 
1113-1117. 
Ge, X., Elder Jr., J.H., Regnerus, M., & Cox, C. (2001). Pubertal transitions, perceptions 
of being overweight, and adolescents’ psychological maladjustment: Gender and 
ethnic differences. Social Psychology Quarterly, 64, 363-375. 
Ge, X., Misaki, N.N., Neiderhiser, J.M., & Reiss, D. (2007). Genetic and environmental 
influences on pubertal timing: Results from two national sibling studies. Journal 
of Research on Adolescence, 17, 767-788. 
Gluckman, P.S. & Hanson, M.A. (2006). Changing times: The evolution of puberty. 
Molecular and Cellular Endocrinology, 254-255, 26-31. 
33 
 
Gluckman, P.D., Low, F.M., Buklijas, T., Hanson, M.A., & Beedle, A.S. (2011). How 
evolutionary principles improve the understanding of human health and disease. 
Evolutionary Applications, 4, 249-263. 
Goldenberg, R.L. & Culhane, J.F. (2007). Low birth weight in the United States.  
 American Journal of Clinical Nutrition, 85(suppl), 584S-590S. 
Goldenberg, R.L., Culhane, J.F., & Romero, R. (2008). Epidemiology and causes of  
 preterm birth. Lancet, 371, 75-84. 
Hales, C.N., Barker, D.J., Clark, P.M., Cox, L.J., Fall, C., Osmond, C., & Winter, P.D. 
(1991). Fetal and infant growth and impaired glucose tolerance at age 64. British 
Medical Journal 303, 1019-1022. 
Harris, D.R. & Thomas, J.L. (2001, March). The educational costs of being multiracial: 
Evidence from a national survey of adolescents. Paper presented at the annual 
meeting of the Population Association of America, Washington, D.C. 
Harris, K.M., Halpern, C.T., Whitsel, E., Hussey, J., Tabor, J., Entzel, P., & Udry, J.R. 
(2009). The National Longitudinal Study of Adolescent Health: Research Design 
[WWW document]. URL: http://www.cpc.unc.edu/projects/addhealth/design. 
Hendler, I., Goldenberg, R.L., Mercer, B.M., Iams, J.D., Meis, P.J., Moawad, A.H.,  
MacPherson, C.A., Caritis, S.N., Miodovnik, M., Menard, K.M. Thurnau, G.R., & 
Sorokin, Y. (2005). The Preterm Prediction Study: Association between maternal 
body mass index and spontaneous and indicated preterm birth. American Journal 
of Obstetrics and Gynecology, 192, 882-886. 
Hoier, S. (2003). Father absence and age at menarche: A test of four evolutionary models. 
Human Nature, 14, 209-233. 
34 
 
Ibanez, L., Ong, K., Dunger, D.B., & de Zegher, F. (2006). Early development of 
adiposity and insulin resistance after catch-up weight gain in small-for-
gestational-age children. Journal of Clinical Endocrinology & Metabolism, 91, 
2153-2158. 
Jokela, M., Kivimaki, M., Elovainio, M., Viikari, J., Raitakari, O.T., & Keltikangas-
Jarvinen, L. (2007). Body mass index in adolescence and number of children in 
adulthood. Epidemiology, 18, 599-606. 
Jolly, M.C., Sebire, N., Harris, J., Robinson, S., & Regan, L., (2000).  Obstetric risks of 
pregnancy in women less than 18 years old. Obstetrics & Gynecology, 96, 962-
966. 
Kirchengast, S. and Hartmann, B. (2000). Association between maternal age at menarche 
and newborn size. Social Biology, 47, 114-126. 
Lantos, J.D. & Lauderdale, D.S. (2011). What is behind the rising rates of preterm birth  
 in the United States? Rambam Maimonides Medical Journal, 2, e0065. 
Lenders, C.M., McElrath, T.F., & Scholl, T.O. (2000). Nutrition in adolescent pregnancy.  
 Current Opinion in Pediatrics, 12, 291-296. 
Maestripieri, D., Roney, J.R., DeBIas, N., Durante, K.M., & Spaepen, G.M. (2004). 
Father absence, menarche and interest in infants among adolescent girls. 
Developmental Science, 7, 560-566. 
Macdorman, M.F. & Singh, G.K. (1998). Midwifery care, social and medical risk factors, 
and birth outcomes in the USA. Journal of Epidemiology and Community Health, 
52, 310-317. 
35 
 
Manlove, J.S., Ryan, S., & Franzetta, K. (2007). Risk and protective factors associated 
with the transition to a first sexual relationship with an older partner. Journal of 
Adolescent Health, 40, 135-143. 
Martin, J.A., Hamilton, B.E., Sutton, P.D., Ventura, S.J., Mathews, T.J., Kirmeyer, S., &  
 Osterman, M.J.K. (2010). Births: Final data for 2007.  (National Vital Statistics  
 Reports, Volume 58, Number 24). Hyattsville, MD: National Center for Health  
 Statistics. Retrieved from  
 http://www.cdc.gov/nchs/data/nvsr/nvsr58/nvsr58_24.pdf 
Martin, J. A., Hamilton, B. E., Ventura, S. J., Menacker, F., & Park, M. M. (2002). 
Births: Final data for 2000. (National Vital Statistics Reports, Volume 50, 
Number 5). Washington, D.C.: Department of Health and Human Services. 
Retrieved from http://www.cdc.gov/nchs/data/nvsr/nvsr50/nvsr50_05.pdf 
Matchock, R.L. & Susman, E.J. (2006). Family composition and menarcheal age: anti- 
 inbreeding strategies. American Journal of Human Biology, 18, 481-491. 
McDowell, M.A., Brody, D.J., & Hughes, J.P. (2007). Has age at menarche changed?  
Results from the National Health and Nutrition Examination Survey (NHANES) 
1999-2004. Journal of Adolescent Health, 40, 227-231. 
Neberich, W., Penke, L., Lehnart, J., & Asendorpf, J.B. (2010). Family of origin, age at 
menarche, and reproductive strategies: A test of four evolutionary-developmental 
models. European Journal of Developmental Psychology, 7, 153-177. 
Ong, K.K. & Dunger, D.B. (2004). Birth weight, infant growth, and insulin resistance. 
European Journal of Endocrinology, 151, U131-U139. 
36 
 
Parkes, A., Wright, D., Henderson, M., & West, P. (2010). Does early sexual debut 
reduce teenagers’ participation in tertiary education? Evidence from the SHARE 
longitudinal study. Journal of Adolescence, 33, 741-754. 
Paul, C., Fitzjohn, J., Herbison, P., & Dickson, N. (2000). The determinants of sexual 
intercourse before age 16. Journal of Adolescent Health, 27, 136-147. 
Quinlan, R. J. (2003). Father absence, parental care, and female reproductive 
development. Evolution and Human Behavior, 24, 376-390. 
Romans, S.E., Martin, J.M., Gendall, K. & Herbison, G.P. (2003). Age of menarche: the 
role of some psychosocial factors. Psychological Medicine, 33, 933-939. 
Rosenfield, R.L., Lipton, R.B., & Drum, M.L. (2009). Thelarche, pubarche, and 
menarche attainment in children with normal and elevated body mass index. 
Pediatrics, 123, 84-88. 
Schieve, L.A. & Handler, A. (1996). Preterm delivery and perinatal death among Black 
and White infants in a Chicago-area perinatal registry. Obstetrics & Gynecology, 
88, 356-363. 
Sloboda, D.M., Hart, R., Doherty, D.A., Pennell, C.E., & Hickey, M. (2007). Age at 
menarche: influences of prenatal and postnatal growth. The Journal of Clinical 
Endocrinology & Metabolism, 92, 46-50. 
Spriggs, A. L., & Halpern, C. T. (2008). Timing of sexual debut and initiation of 
postsecondary education by early adulthood. Perspectives on Sexual and 
Reproductive Health, 40, 152-161. 
Stearns, S.C. (1992). The evolution of life histories. New York: Oxford University Press. 
37 
 
Udry, J.R. (1979). Age at menarche, at first intercourse, and at first pregnancy. Journal of 
Biosocial Science, 11, 433-441. 
Walford, H.H., Trinh, S., Wiencrot, A., & Lu, M.C. (2011). What is the role of prenatal 
care in reducing racial and ethnic disparities in pregnancy outcomes? In Handler 
et al. (Eds). Reducing Racial/Ethnic Disparities in Reproductive and Perinatal 
Outcomes: The Evidence from Population-Based Interventions (pp. 151-179). 
New York: Springer. 
Watson, L. F., Taft, A. J., Lee, C. (2007). Associations of self-reported violence with age 
at menarche, first intercourse, and first birth among a national population sample 
of young Australian women. Women’s Health Issues, 17, 281-289. 
Wise, L.A., Palmer, J.R., Rothman, E.F., & Rosenberg, L. (2009). Childhood abuse and  
early menarche: Findings from the Black Women’s Health Study. American 
Journal of Public Health, 99, S460-S466. 
Wu, T., Mendola, P., & Buck, G.M. (2002). Ethnic differences in the presence of 
secondary sex characteristics and menarche among U.S. girls: The Third National 
Health and Nutrition Examination Survey, 1988-1994. Pediatrics, 110, 752-757. 
World Health Organization Statistical Information System. (2012). Low birthweight 
newborns (percentage). Retrieved from 
http://www.who.int/whosis/indicators/compendium/2008/2bwn/en/index.html  
Zabin, L.S., Emerson, M.R., & Rowland, D.L. (2005). Childhood sexual abuse and early 
menarche: the direction of their relationship and its implications. Journal of 
Adolescent Health, 36, 393-400. 
 
 
38 
 
Figure 1. Conceptual Model 
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Table 1.  
Sample Descriptives (n=2,797) 
    Mean SD Range 
Dependent Variables    
Number of Offspring 1.85 0.86 1 - 4 
Offspring LBW 0.08 0.27 0 - 1 
Offspring Preterm Birth 0.09 0.29 0 - 1 
Independent Variable    
Accelerated Maternal  
Reproductive Index 0.92 0.89 0 - 3 
     Early menarche 0.28 0.45 0 - 1 
     Early sexual debut 0.31 0.46 0 - 1 
     Early age at first birth 0.32 0.47 0 - 1 
Childhood Variables    
Parent Income (in thousands) 37.87 26.24 0 - 150 
Parent Education    
   Less than high school degree 0.22 0.41 0 - 1 
   High school degree 0.34 0.47 0 - 1 
   Some college completed 0.28 0.45 0 - 1 
   College degree + 0.16 0.37 0 - 1 
Low Birth Weight 0.08 0.27 0 - 1 
Health Insurance  0.85 0.36 0 - 1 
Father Absence 0.45 0.50 0 - 1 
Adolescent Variables    
Weight Status    
   Underweight 0.02 0.15 0 - 1 
   Healthy 0.74 0.44 0 - 1 
   Overweight 0.15 0.35 0 - 1 
   Obese 0.09 0.28 0 - 1 
Ethnicity Variables    
White 0.56 0.50 0 - 1 
Hispanic 0.16 0.37 0 - 1 
African American 0.22 0.42 0 - 1 
Asian 0.03 0.18 0 - 1 
Native American 0.02 0.14 0 - 1 
Other 0.01 0.09 0 - 1 
Adulthood Variables    
Age 28.56 1.73 24 - 34 
Education    
   Less than high school 0.08 0.27 0 - 1 
   High school completed 0.17 0.38 0 - 1 
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   Some college completed 0.52 0.50 0 - 1 
   College degree + 0.23 0.42 0 - 1 
Weight Status    
   Underweight 0.02 0.14 0 - 1 
   Healthy 0.31 0.46 0 - 1 
   Overweight 0.28 0.45 0 - 1 
   Obese 0.39 0.49 0 - 1 
Prenatal Care 0.97 0.16 0 - 1 
Health Insurance  0.83 0.38 0 - 1 
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Table 2. 
Linear Regression Predicting Number of Offspring (n=2,797) 
 Beta S.E. 
Adolescent Variables   
Parent Income  -0.04 .00 
Parent Educationa   
   Less than high school degree 0.04 0.06 
   High school degree 0.05 0.50 
   Some college completed 0.04 0.50 
Low Birth Weight 0.00 0.06 
Health Insurance  0.02 0.02 
Father Absence -0.01 0.03 
Weight Statusb   
   Underweight -0.01 0.11 
   Overweight 0.01 0.05 
   Obese -0.01 0.06 
Ethnicity Variablesc   
Hispanic 0.00 0.05 
African American 0.04* 0.04 
Asian -0.01 0.09 
Native American -0.00 0.11 
Other 0.01 0.17 
Adulthood Variables   
Age 0.10*** 0.01 
Educationa   
   Less than high school 0.22*** 0.07 
   High school completed 0.18*** 0.05 
   Some college completed 0.12*** 0.04 
Weight Statusb   
   Underweight 0.01 0.12 
   Overweight 0.01 0.04 
   Obese 0.02 0.04 
Prenatal Care 0.09*** 0.10 
Health Insurance  -0.01 0.04 
Reproductive Index   
   Accelerated Maternal  
   Reproductive Index 0.18*** 0.02 
Notes: *p<.05, ***p<.001; (a) Reference Group: College Degree Obtained;  
(b) Reference Group: Healthy Weight; (c) Reference Group: Whites.  
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Table 3. 
Logistic Regression Predicting Low Birth Weight (n=2,797) 
 Exp(B) Odds Ratio 
      
S.E. 
Adolescent Variables   
Parent Income  0.99* 0.00 
Parent Educationa   
   Less than high school degree 0.81 0.26 
   High school degree 0.89 0.22 
   Some college completed 0.80 0.23 
Low Birth Weight 0.61* 0.22 
Health Insurance  1.04 0.19 
Father Absence 1.39* 0.15 
Weight Statusb   
   Underweight 1.37 0.39 
   Overweight 1.07 0.21 
   Obese 1.17 0.26 
Ethnicity Variablesc   
Hispanic 1.10 0.20 
African American 1.35 0.17 
Asian 1.03 0.39 
Native American 0.42 0.73 
Other 0.53 1.03 
Adulthood Variables   
Age 0.95 0.04 
Educationa   
   Less than high school 1.11 0.31 
   High school completed 1.38 0.23 
   Some college completed 0.95 0.19 
Weight Statusb   
   Underweight 1.59 0.40 
   Overweight 0.63* 0.19 
   Obese 0.76 0.18 
Prenatal Care 1.50 0.36 
Health Insurance  1.03 0.18 
Reproductive Index   
   Accelerated Maternal  
   Reproductive Index 0.96 0.08 
Notes: *p<.05; (a) Reference Group: College Degree Obtained;  
(b) Reference Group: Healthy Weight; (c) Reference Group: Whites.  
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Table 4. 
Logistic Regression Predicting Preterm Birth (n=2,797) 
 Exp(B) Odds Ratio S.E. 
Adolescent Variables   
Parent Income  0.99 0.00 
Parent Educationa   
   Less than high school degree 0.93 0.25 
   High school degree 1.03 0.21 
   Some college completed 0.92 0.22 
Low Birth Weight 0.83 0.23 
Health Insurance  1.09 0.19 
Father Absence 1.41* 0.14 
Weight Statusb   
   Underweight 1.60 0.37 
   Overweight 1.00 0.20 
   Obese 1.20 0.24 
Ethnicity Variablesc   
Hispanic 0.89 0.20 
African American 0.92 0.17 
Asian 0.29* 0.60 
Native American 0.54 0.60 
Other 1.45 0.63 
Adulthood Variables   
Age 0.98 0.04 
Educationa   
   Less than high school 0.74 0.32 
   High school completed 1.06 0.22 
   Some college completed 1.02 0.18 
Weight Statusb   
   Underweight 2.22* 0.37 
   Overweight 0.73 0.19 
   Obese 1.11 0.17 
Prenatal Care 1.74 0.34 
Health Insurance  0.92 0.18 
Reproductive Index   
   Accelerated Maternal  
   Reproductive Index 1.00 0.08 
Notes: *p<.05; (a) Reference Group: College Degree Obtained;  
(b) Reference Group: Healthy Weight; (c) Reference Group: Whites.  
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Abstract 
Evolutionary theories of human health, development, and disease provide innovative and 
holistic perspectives on modern health. Additionally, scholars have found a relationship 
between a mother’s reproductive developmental index (timing of menarche, sexual debut, 
and first childbirth) and her offspring’s health.  In this study, life history theory was used 
to examine the effect of an accelerated maternal reproductive index (AMRI) on her 
offspring’s health and development in light of numerous individual, familial, and 
socioeconomic influences.  Using data from the National Longitudinal Study of 
Adolescent Health (Add Health), multiple linear regressions examined, in a step-wise 
fashion, the influences of lifetime maternal characteristics, offspring birth outcomes (low 
birth weight and premature birth), and offspring age on the number of health conditions 
(including physical, mental, and developmental conditions) the offspring had in 
childhood.  Results show that an AMRI predicts the number of health conditions in 
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childhood even after controlling for low birth weight and prematurity at birth, but an 
AMRI is not significant when the child’s age was included.  However, post-hoc analyses 
revealed that an AMRI was significant when the offspring were four years or younger.  
Potential reasons for these findings as well as broader implications of this study are 
discussed.  
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Introduction            
A call for utilization of evolutionary theories as applied to medicine and public 
health has been made (Gluckman et al. 2011; Belsky 2010) as evolutionary theories of 
human health, development, and disease can provide an innovative and holistic 
perspective on modern human health.  Specifically, an evolutionary perspective calls 
attention to the ways in which humans respond to their environments, and provides a 
holistic framework for understanding the intergenerational cycle of health.  An 
evolutionary perspective not only provides an explanation for proximate causes of 
diseases and conditions, but also an ultimate explanation for how and why these diseases 
or conditions emerge and persist throughout the life course and over generations. While 
many scholars have focused on individual health over the life span, few have focused on 
why the health and development of the parent influences infant and child health and 
development.  But if public health issues such as the rise in childhood obesity, diabetes, 
and asthma and allergies, are to be remedied, a holistic, intergenerational perspective is 
needed.  If researchers can pinpoint and understand the mechanisms through which poor 
health is transmitted to future generations, policy makers and intervention/prevention 
programs will be able to improve prevention and intervention programs.   
One way in which poor health is transmitted from one generation to the next is 
from mother to child. Indeed, maternal characteristics and life events heavily influence 
the health and well-being of her children before they are even born. For example, early 
menarche and early age at first childbirth predicts a low birth weight (LBW) offspring 
(Basso et al. 2010; Kirchengast and Hartmann 2000) and preterm birth (Jolly et al. 2000; 
Fraser et al. 1995; Chen et al. 2007). In terms of weight status, scholars have found that 
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underweight women are more likely to have a LBW infant and preterm birth (Goldenberg 
et al. 2008; Hendler et al. 2005; Doherty et al. 2006; Annie E. Casey Foundation 2009).  
Overweight and obese mothers are more likely to give birth to a high birth weight infant 
and to have a preterm birth (Baeten et al. 2001).  
Thus, this study utilized life history theory (an evolutionary theory used to explain 
growth, maintenance, and reproduction; Stearns 1992) to explore the intergenerational 
pathways through which patterns of growth, development, and health are transmitted 
from mother to child.  Specifically, this study explored the impact of an accelerated 
maternal reproductive development (AMRI; experiencing early menarche, and/or early 
age at sexual debut, and/or early age at first childbirth; Belsky, Schlomer, and Ellis 2011; 
Quinlan 2003) on the health and well-being of the mother’s first child as measured by the 
prevalence of health conditions experienced by the child. The longitudinal nature of the 
analyses in this study present special issues with terminology; thus, each generation must 
be clearly defined and labeled.  For the duration of the paper, the “target” is the mother, 
for whom information exists from infancy to adulthood.  The target reported on the health 
of her first-born child who was still living at the time of the survey; this child is referred 
to as the “offspring.”  
Life History Theory 
The exploration of the effects of an AMRI on offspring health will be guided by 
life history theory.  In general, this theory is used to explain the ways in which an 
organism allocates finite metabolic energy for growth, maintenance, or reproduction in 
order to maximize reproductive success (Ellis 2004). Since resources (e.g., food, energy, 
mates) are limited, organisms have to make energetic trade-offs to balance growth, 
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maintenance, or reproduction, with the goal of reproducing viable offspring. Life history 
theory suggests that humans have evolved flexible developmental patterns (i.e. variable 
timing of menarche) that vary based on their environment so as to maximize the ability to 
reproduce.  Indeed, humans have evolved a reproductive strategy that favors quality over 
quantity; humans have few offspring but these offspring require significant parental 
investment (Gluckman et al. 2011; Gluckman and Hanson 2006).   
Life history theory suggests that, when the environment is not optimal, natural 
selection favors earlier maturation and reproductive development over later maturation 
and reproductive development to ensure that genes are passed on, in light of the potential 
for an early death (Ellis 2004).  That is, an adverse environment (e.g., father absence, 
stress) will signal to the human that his/her chances of mortality are high, so early 
maturation and reproduction may be the only way to pass on genes before death.  An 
earlier maturation should confer a longer reproductive lifespan, allowing the parent more 
chances to have offspring that will survive to reproductive maturity. But a fundamental 
question that needs to be answered is whether or not an accelerated reproductive index is 
beneficial for humans.  A stepping stone toward answering this question, this study 
explored the impact of an AMRI on the health and well-being of offspring in childhood.   
Accelerated Maternal Reproductive Index 
The maternal reproductive index refers to the timing of three correlated 
reproductive developments and life events: timing of menarche, timing of sexual debut 
(first vaginal/penile intercourse), and timing of first childbirth (Quinlan 2003). Women 
who experience one or all of these events earlier than the average woman have an 
accelerated reproductive index (Belsky, Schlomer, and Ellis 2011; Quinlan 2003). While 
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others have explored the singular effects of early menarche, early sexual debut, and early 
age at first childbirth on the health and well-being of offspring (see Kirchengast and 
Hartmann 2000; Basso et al. 2010; Jolly et al. 2000; Lenders, McElrath, and Scholl 2000; 
Jokela et al. 2007), none have, to our knowledge, examined the effect of a cumulative 
AMRI on the health and well-being of offspring into childhood.   
The reproductive index begins with menarcheal timing, which has been shown to 
influence the timing of the other two variables: sexual debut and first childbirth.  
Undeniably, age at menarche has decreased over the past few generations. Between the 
1850s and 1950s, average menarcheal age declined from 17 years to 12 years in the U.S. 
(Parent et al., 2003); similarly, the average age of menarche dropped from 14 years in 
1900 (Chumlea et al. 2003) to 12 years in 2005 (Pinyerd and Zipf 2005).  Girls now 
begin puberty, on average, between nine and 10 years of age in the United States 
(Herman-Giddens 2006).  
An early age of menarche may often contribute to girls experiencing sexual debut 
and first child birth at an earlier age.  Girls who reach menarche early are more likely to 
experience early sexual debut (defined as first sexual intercourse before age 16; Draper 
and Harpending 1982; Neberich et al. 2010; Downing and Bellis 2009; Edgardh 2000; 
Chodick et al. 2005; Watson, Taft, and Lee 2007).  Furthermore, girls who reach 
menarche early and/or sexual debut early are more likely to have their first child at an 
earlier age (Chisholm et al. 2005; Udry 1979).    
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Connecting the Maternal Reproductive Index to Infant and Child Health 
  The exploration of the relationship between an AMRI and childhood health 
outcomes (in terms of prevalence of health conditions) is fairly new; thus, little research 
exists.  But the relationship between a mother’s reproductive development and her 
offspring’s health in childhood can be understood when infant health is taken into 
account. Due to fetal programming, adverse environments in utero and in early infancy 
permanently alter physical health and development that lead to chronic diseases later in 
life (De Boo and Harding 2006).  Specifically, LBW infants are “programmed” to survive 
in a stressful environment, such that they will compensate for restricted growth in utero 
by rapidly accelerating growth in child- and adulthood.  This compensation leads to 
changes in metabolism and overall physiology, contributing to adult diseases, such as 
hypertension, diabetes, and heart disease (Goldenberg and Culhane 2007).  
Compensatory catch-up growth can also negatively affect children in terms of 
childhood obesity.  Although mothers who had an early menarche tend to give birth to 
lower birth weight babies, Basso et al. (2010) found that children whose mothers had 
early menarche had a faster growth index than children whose mothers did not have early 
menarche; the children were taller and had a higher body mass index (BMI) at ages seven 
and eight. It is through this sequence of events (maternal early menarche, LBW, and 
compensatory catch-up growth) that an intergenerational growth pattern of accelerated 
maturity and childhood and adult obesity, hypertension, and cardiovascular disease 
occurs (Ong et al. 2007; Sloboda et al. 2007; Basso et al. 2010).  Indeed, in the U.S., 
approximately one in every three children are overweight or obese (Anderson and 
Butcher 2006).  Since 1976, childhood obesity has increased from about 5-6 percent to 
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18-19 percent in 2008 (Ogden and Carroll 2010).  In addition, diabetes is now one of the 
most prevalent chronic diseases among children and adolescents; as of 2011, about 
151,000 people below age 20 had diabetes, with approximately 13,000 youths diagnosed 
with Type 1 diabetes every year (Centers for Disease Control 2011a).  
But metabolic conditions are not the only consequence of LBW/preterm birth. 
Among other consequences, LBW and/or preterm babies are more likely to experience 
intellectual disabilities, cerebral palsy, breathing and respiratory problems, and vision and 
hearing loss (Centers for Disease Control 2011b).  In the year 2010 alone, 5 million 
children (ages 3-17 years) had a documented learning disability/Attention Deficit 
Hyperactive Disorder (ADHD; Bloom, Cohen, and Freeman 2011). According to the 
Centers for Disease Control (CDC), one in 303 eight-year-old children in the U.S. have 
cerebral palsy (Centers for Disease Control 2011c).    
 In addition, children in the U.S. today are facing a myriad of other health 
problems, including asthma and allergies, cancer, epilepsy, and chronic joint 
problems/arthritis.  Over 10 million children have been diagnosed with asthma (Bloom, 
Cohen, and Freeman 2011).  Of children aged 17 and under, 10 percent have suffered 
from hay fever, 12 percent from respiratory allergies, 5 percent from food allergies, and 
13 percent from skin allergies (Bloom, Cohen, and Freeman 2011).  As of 2007, 
approximately 10,400 children in the U.S. under 15 years of age were diagnosed with 
cancer; cancer is the leading cause of death by disease for U.S. children between one and 
14 years of age (National Cancer Institute 2008).  About 300,000 U.S. children under the 
age of 14 suffer from epilepsy (Epilepsy Foundation 2010) and children under age two 
are at the most risk for developing epilepsy (Centers for Disease Control 2011d). As for 
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chronic joint problems/arthritis, a 2007 CDC study estimated that approximately one in 
250 children in the U.S. have been diagnosed with arthritis or another rheumatologic 
condition (Centers for Disease Control 2009).     
Individual, Socioeconomic, and Environmental Influences on Reproductive 
Development and Health Outcomes  
 Life history theory suggests that humans are impacted not only by individual 
characteristics but also the social and physical environments.  In addition, the theory 
suggests that environments and events early in life impact development and well-being in 
later life.  Researchers have identified a plethora of individual, social, and environmental 
influences on reproductive development and offspring health outcomes; thus, they were 
considered in this study and are briefly delineated here. 
 Individual influences. Health disparities along ethnic lines are prevalent in the 
U.S., with minorities experiencing the highest burden of illness, disease, and death 
(Centers for Disease Control 2009).  Since acquisition of appropriate health care is often 
bound by race, socioeconomic status, and gender, optimal health is more difficult for 
minorities to obtain (Centers for Disease Control 2007). Non-Hispanic Black children are 
more likely to have asthma, and White children are more likely to suffer from hay fever 
(Bloom, Cohen, and Freeman 2011).  Bloom et al. (2011) found that both Black and 
White children were nearly equally likely to have a learning disability, while Hispanic 
children were least likely to develop a learning disability or ADHD.  In addition, African 
American and Hispanic girls in the U.S. tend to reach menarche earlier than White girls 
do (Wu, Mendola, and Buck 2002; Anderson and Must 2005; Cavanagh 2004; 
McDowell, Brody, and Hughes 2007).  African Americans tend to reach sexual debut 
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earlier than any other ethnic group in the U.S. (Cavazos-Rehg et al. 2009; Blum et al. 
2000).     
Girls who experience childhood obesity are more likely to start puberty (and 
menarche) earlier (Rosenfield, Lipton, and Drum 2009; Adair and Gordon-Larsen 2001; 
Anderson and Must 2005; Currie et al. 2012).  BMI also influences timing of sexual 
activity; more obese or overweight adolescents (especially girls) are less likely to engage 
in early sexual behavior (Cheng and Landale 2011).  Adolescent weight status is also an 
indicator of adult weight status; an obese adolescent is likely to be an obese adult (Guo et 
al. 2002).  Indeed, overweight and obese children are more likely to have a mother with a 
high BMI (Lohman et al. 2009). 
Socioeconomic influences. Parent income and education level influences 
reproductive development.  For example, father education level covaries with menarcheal 
timing, sexual debut age, and age at first pregnancy, while mother’s education covaries 
with sexual debut age and age at first pregnancy, such that those whose parents with less 
education experience these events earlier (Quinlan 2003).  Blum et al. (2000) found that 
children whose parents made more money were less likely to engage in sexual 
intercourse at a young age.    
 Adolescents who reach sexual debut early and “on time” were less likely to 
participate in postsecondary education than those who reached sexual debut late (Spriggs 
and Halpern 2008). Parkes et al. (2010) found that those girls who had an early sexual 
debut were less likely to participate in postsecondary education.  Child health outcomes 
can also vary depending on parent income and education level: Children in poor families 
are more likely to have asthma, learning disabilities, or ADHD (Bloom et al. 2011).   
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 Access to health insurance in adolescence and adulthood were included in the 
study. Health disparities exist between children who have health insurance and those who 
do not. As of 2007, nearly 9 million children in the U.S. did not have health insurance 
(Cuttler and Kenney 2007).  Among other conditions, poor children, who are less likely 
to have health insurance, are more likely to have ADHD, asthma, and be obese (Currie 
2009).  In addition, receipt of prenatal care was included, despite the current debate 
regarding the effectiveness of prenatal care in improving birth outcomes (see Lantos and 
Lauderdale 2011; Fiscella 1995; Walford et al. 2011; MacDorman and Singh 1998; 
Hodnett, 2008). 
Environmental influences.  In terms of reproductive development, girls whose 
fathers are absent from the home during childhood are more likely to reach menarche 
early (Draper and Harpending, 1982; Belsky, Steinberg, and Draper, 1991; Ellis et 
al.1999; Hoier, 2003; Maestripieri et al. 2004; Matchock and Susman 2006; Bogaert 
2005).  Girls whose fathers are absent from the home during childhood are more likely to 
experience sexual debut early and to have their first child at an early age (Chisholm et al. 
2005; Quinlan 2003).  According to life history theory, an absent father from the home 
may signal to the child that he/she lives in an unstable environment and that the future 
will be unstable too, thus prompting accelerated reproductive maturation. 
Hypotheses 
The primary aim of this paper was to be the first to assess the effect of an AMRI 
on offspring health into childhood in light of individual, socioeconomic, and 
environmental influences (see Figure 1). Thus, we hypothesized that: 
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Hypothesis 1: An AMRI would predict more incidences of health conditions for  
  offspring in childhood. 
Hypothesis 2: An AMRI would predict more incidences of health conditions for  
offspring in childhood even after controlling for LBW or preterm birth. 
Hypothesis 3: An AMRI would predict more incidences of health conditions for 
offspring in childhood even after controlling for LBW or preterm birth and  
offspring’s age. 
Methods 
Sample 
Restricted data from the National Longitudinal Study of Adolescent Health (Add 
Health), a nationally representative panel study of adolescents initially drawn from a 
random cluster sample of public, private, and parochial high schools (and their feeder 
schools) in the United States was used for this study. The first wave of the study (1994-
1995) gathered information from students in grades 7-12, with a second wave following 
one year later. A third wave of the study took place six years later (2001-2002) when 
most respondents were ages 18-26, and a fourth wave of the study was completed in 
2008, when the sample was between the ages of 24-34 (Harris et al. 2009). Data from the 
in-home interviews were collected via an interviewer-assisted survey and laptop 
computer. In Wave I, the adolescent’s caregiver participated in the study and in Waves III 
and IV, the targets answered questions regarding their offspring. For the purposes of this 
study, only target females who participated in, at minimum, Waves I and IV, whose 
caregiver participated in Wave I, and who reported on their first-born child’s health 
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conditions were utilized for analyses, yielding a sample size of 2,396. A description of 
the sample is provided in Table 1. 
Dependent Measures 
 
Offspring health conditions in childhood.  In Wave IV, the target was asked, 
“Which of the following children’s health problems has a doctor told you that [your 
child] has?”  The health problems were: hearing problems/deafness; delayed 
speech/problems speaking; a problem with sight even when wearing glasses; a 
developmental delay/ slowness in learning; allergies/hay fever; asthma; any other chronic 
lung/breathing condition; epilepsy/convulsions; chronic orthopedic, bone, or joint 
problems; cerebral palsy; cancer; obesity; diabetes; ADHD.  The target reported 1 = yes 
or 0 = no for each health condition. This was transformed into a composite variable, 
wherein the number of conditions participants reported was summed.  A higher score 
suggested more health conditions of the offspring.  The number of health conditions was 
non-normally distributed, with skewness of 2.70 (SE = .05) and kurtosis of 10.63 (SE = 
.10).  To reduce skewness, this variable was top-coded at two or more health conditions, 
such that the range of this variable was from zero, no health conditions to two or more 
health conditions. 
Independent Measures 
Accelerated maternal reproductive index (target). The following three variables 
were used to create the maternal reproductive index variable: early menarche; early 
sexual debut; early age at first childbirth. Each variable was dichotomized where 1 = 
early and 0 = not early and then summed to create a composite variable wherein a higher 
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value represented a more accelerated reproductive index. A description of each 
dichotomous variable follows. 
Early menarcheal age (target). In Waves I and II, targets were asked, “How old 
were you when you had your very first menstrual period?” Wave II age was used for this 
measure, but Wave I age was used when Wave II age was not given. This variable was 
dichotomized where 1 = reached menarche 11 years or younger and 0 = reached 
menarche at age 12 or later, as consistent with previous methods (Ge et al. 2007; Watson, 
Taft, and Lee 2007; Ge et al. 2001; Cavanagh 2004; Foster et al. 2008; Manlove, Ryan, 
and Franzetta 2007).  
Early sexual debut age (target). In Waves I and II, targets provided the year they 
first engaged in sexual intercourse; in Wave III, participants reported their age at first 
sexual intercourse. Sexual debut age in Waves I and II were calculated by subtracting the 
target’s birth year from the sexual debut year.  Following Brückner and Bearman (2005), 
age of sexual debut was taken from Wave I if reported; from Wave II if no age at Wave I 
was reported; and Wave III if no age at Wave I or II was reported.  This variable was 
dichotomized where 1 = reached sexual debut age 15 years or younger; and 0 = reached 
sexual debut age 16 years or older, as is consistent with previous studies (Neberich et al.  
2010; Downing and Bellis 2009; Edgardh 2000; Chodick et al. 2005; Watson, Taft, and 
Lee 2007).  
Early age at first childbirth (target). In Wave IV, the target answered questions 
about her first and, if applicable, subsequent births.  The age of the first birth reported 
was subtracted from the target’s age, yielding mother’s age at first childbirth. This 
variable was dichotomized where 1 = had first child early (before age 21), or 0 = had first 
58 
 
child at 21 years or after (Boden, Fergusson, and Horwood 2008; Dupont and Page 1986; 
Chisholm et al. 2005). 
Infant (offspring) low birth weight.  In order to assess whether an infant had 
LBW, targets in Wave IV were asked, “Did [baby] weigh less than 5.5 pounds at birth?”  
They responded 1 = yes or 0 = no.   
Premature birth (offspring). In Wave IV, targets reported whether their baby was 
born before, on, or after his/her due date.  For those who reported their baby was born 
before the due date, the number of weeks early was recorded.  The variable was coded as 
1 = birth before 37 weeks and 0 = birth 37 weeks or later (Centers for Disease Control, 
2012a). 
Control Variables  
Low maternal (target) birth weight.   A parent questionnaire was completed by a 
caregiver of the target adolescent in Wave I, wherein the caregiver was asked to report 
the birth weight of the target in pounds and ounces. The variable was dichotomized 
where 1 = birth weight below 5.5 pounds and 0 = birth weight of 5.5 pounds or more 
(Centers for Disease Control 2013).    
Parent income during target adolescence.  In Wave I, the caregiver reported the 
total household income (in 1995 dollars).   Following Blum et al.’s (2000) measure using 
Add Health data, income was rounded to the nearest thousand dollars.  For those 
participants whose parents did not report income, the median value of the participant’s 
subgroup was provided (based on sex, race/ethnicity, marital status, welfare status, and 
education).   
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Parent education level during target childhood. In Wave I, the caregiver reported 
on the highest level of education he/she had attained. This was converted into four 
categories: less than high school diploma; high school diploma or GED; some 
postsecondary education; bachelor's degree or higher (Spriggs and Halpern 2008). 
Dummy variables were created for each of the categories where 1 = attained that 
education level and 0 = did not attain that education level; those who reported having a 
bachelor’s degree or higher comprised the referent group. 
Target age. Age of the participant at Wave IV was included.  Ages ranged 
between 24 and 32 years. 
 Target ethnicity. Race/ethnicity information was reported at Wave I. Targets were 
categorized as either Hispanic/Latino, White, Black or African-American, American 
Indian or Native American, and Asian, or Other (Add Health, n.d.), where 1 = part of that 
ethnic group and 0 = not part of that ethnic group. Those who identified as White 
comprised the referent group.  
Father absence during target childhood.  The caregiver reported, in Wave I, 
whether or not the adolescent’s father was living in the home or not.  This variable was 
dichotomized where 1 = father was absent at any point during childhood (including those 
who never lived with the adolescent) and 0 = father was not absent during childhood.   
Target access to health insurance in adolescence. In Wave I, the caregivers were 
asked, "What type of health insurance does [child] have?"  Participants could specify 
what type of insurance they had, or could indicate they did not have any. This variable 
was dichotomized where 1 = had health insurance of some kind; or 0 = did not have 
health insurance. 
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Target weight status in adolescence.  Body mass index (BMI) in Wave I was 
calculated using the adolescent's self-reported measurements of height and weight 
(kg/m2).  Up to age 20, BMI is age and gender-specific; thus, BMI percentages were used 
to categorize the targets into four weight categories based on the CDC's classification 
system: underweight (BMI <5th percentile); healthy weight (BMI 5th to 84th percentiles; 
overweight (BMI 85th to 94th percentile); and obese (BMI	 ≥ 95th percentile; Centers for 
Disease Control 2011).  Dummy variables were created for each of the categories where 
1 = part of that weight status and 0 = not part of that weight status; participants who were 
“healthy” comprised the referent group. 
Target weight status in adulthood. In Wave IV, Add Health field interviewers 
collected weight and height measurements of the target; the Add Health team then 
created a BMI variable.  Participants were categorized into the following four CDC BMI 
categories: underweight (<18.5); normal (18.5-24.9); overweight (25-29.9) and obese 
(30+; Centers for Disease Control 2011). Dummy variables were created for each of the 
categories where 1 = part of that weight status; or 0 = not part of that weight status; 
participants who were “healthy” comprised the referent group. 
Target access to health insurance in adulthood.  In Wave IV, participants were 
asked about their current health insurance situation.  Participants reported either that they 
did not have health insurance, or the type of health insurance they did have (e.g., through 
work, school, Medicaid).  This variable was dichotomized, where 1 = had health 
insurance of some kind; or 0 = did not have health insurance. 
Target adult education level. Targets reported their highest education level they 
had achieved to date in Wave IV.  This variable was categorized into four categories: less 
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than high school diploma; high school diploma or GED; some postsecondary education; 
Bachelor's degree or higher (Spriggs and Halpern 2008). Dummy variables were created 
for each of the categories where 1 = attained that education level and 0 = did not attain 
that education level; those who reported having a bachelor’s degree or higher comprised 
the referent group. 
 Target visited a midwife/doctor for prenatal care.  In Wave IV, the targets were 
asked if they ever visited a doctor, nurse-midwife, or any other type of health care 
provider for prenatal check-ups.  Participants answered 1 = yes or 0 = no. 
 Offspring’s age. The target reported her offspring’s age in years at Wave IV. The 
ages ranged from zero to 15 years old.  
Analytic Plan  
In order to explore the influence of maternal characteristics (most notably, the 
AMRI) and offspring characteristics on the number of health conditions the offspring 
had, multiple linear regressions were completed in SPSS 21.0. Dummy variables for 
ethnicity, education level, and weight status were included in the model in order to fully 
understand the differential impact that membership in each of the categories may have on 
the number of health conditions experienced by the offspring. In a stepwise fashion, 
maternal influences accumulated throughout her lifetime were regressed on the number 
of health conditions in the first model.  Then, birth outcomes (LBW, premature birth) 
were included in Model 2.  The age of the child (both as a continuous variable and a 
dichotomous variable to denote an age cut-off effect) was included in Models 3 and 4, 
respectively. 
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Results 
 
Results of the multiple linear regressions are presented in Table 2. Significant 
findings for each regression are discussed in turn. 
Hypothesis 1: An AMRI predicts more incidences of health conditions for offspring in 
childhood 
The results of the first model revealed support for the first hypothesis, as an 
AMRI significantly predicted more health conditions experienced by her offspring 
(β=.10, p<.001). Other maternal characteristics also predicted a number of offspring 
health conditions. The older the target was, the more health conditions her offspring were 
likely to experience (β=.06, p<.01).  Hispanic targets had less reported offspring health 
conditions than Whites (β= -.06, p<.01).  Conversely, Native American targets had 
offspring with more health conditions than Whites (β= .05, p<.05). Those targets who, as 
adults, only had a high school degree (β=.07, p<.01) or some college education (β=.08, 
p<.01) had offspring with more health conditions than those targets who had a college 
degree. Those who received prenatal care during pregnancy had offspring with more 
health conditions (β=.04, p<.05; this seemingly counterintuitive finding is discussed 
later). 
Hypothesis 2: An AMRI would predict more incidences of health conditions for 
offspring in childhood even after controlling for offspring birth outcomes  
Results from the second model revealed the influential effects of the offspring’s 
birth outcomes in light of maternal characteristics, including the AMRI, on the number of 
offspring health conditions. An AMRI significantly predicted more offspring health 
conditions (β=.10, p<.001). The same maternal characteristics that were significant in 
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Model 1 were significant in Model 2 and thus are not explicated here. However, if the 
offspring had a LBW (β=.08, p<.01) or a premature birth (β=.05, p<.05), he/she had more 
health conditions in childhood than those who were not LBW or premature.  
Hypothesis 3: An AMRI would predict more incidences of health conditions for 
offspring in childhood even after controlling for offspring birth outcomes and 
offspring’s age 
When the offspring’s age was included in the third model, the predictive effect of 
the AMRI was no longer significant.  The offspring’s age was significant in predicting 
the number of health conditions in childhood, wherein the older the offspring was, the 
more health conditions he/she was likely to experience (β=.19, p<.001).  The significant 
influences of offspring birth outcomes, prenatal care, and Native American and Hispanic 
ethnicity were similarly significant as in the previous model.  However, the target’s 
education level and age as an adult were no longer significant. Additionally, African 
Americans were less likely than Whites to have offspring with health conditions (β= -.06, 
p<.05), and those targets who were obese in adolescence were more likely to have 
offspring with health conditions compared to those who were healthy (β=.05, p<.05).  
Additional Analyses 
Because the offspring’s age was significant in predicting the number of health 
outcomes he/she experienced, thus nullifying the effect of an AMRI, we conducted a 
post-hoc analysis to explore how far into childhood an AMRI would influence the 
development of child health conditions. Thus, as displayed in the fourth model, we found 
that when controlling for the offspring’s age at four years and younger, an AMRI was 
still significant in predicting the number of offspring health conditions (β=.05, p<.05). 
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However, this effect disappeared when we controlled for the offspring’s age at five years 
and younger.  
Discussion 
 Scholars have stated the need for utilizing evolutionary theories to examine 
modern human health. Guided by life history theory, this study was novel in that it 
examined the intergenerational influence of a mother’s reproductive development on the 
health of her offspring in childhood while simultaneously considering other individual, 
familial, and socioeconomic factors.  According to the theory, those who have an AMRI 
would be more likely to have offspring with poor health. The results supported the 
theory, as an AMRI significantly predicted more health conditions for a target’s first 
child (up to age four).   
 Since an AMRI significantly predicts more health conditions only when children 
are age four or younger, this suggests a tipping point in regards to the duration of the 
effect of an AMRI on the offspring’s health.  In other words, an offspring’s development 
and well-being is influenced by the timing and tempo of his/her mother’s reproductive 
development only up until age four, suggesting that other factors, potentially individual 
and/or environmental, become more influential for those children who are five years and 
older.  Perhaps this tipping point reflects a change in the offspring’s world at age five; 
he/she will start kindergarten and will likely be required to receive a physical 
examination by a doctor, increasing the likelihood of a diagnosis of health conditions. 
Having to function in a classroom (i.e. sitting in a chair and reading the board) as well as 
exposure to teachers who may be more adept at detecting disabilities like ADHD, 
developmental delays, speech and sight problems, etc. may increase the likelihood a child 
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would be referred to see a doctor and be diagnosed with a health condition. However, 
further research is needed to confirm the reasons behind this tipping point.   
 One unpredicted finding was that prenatal care significantly predicted more health 
conditions for the offspring.  The effectiveness of prenatal care on infant health is 
debated (as aforementioned) but its influence on health in childhood is unknown. 
However, we suggest that this finding may be due to the way in which the question about 
health conditions was asked: targets were asked if a doctor had told them their child had a 
certain health condition.  Those who utilized prenatal care during pregnancy may be more 
oriented toward accessing medical care, and in turn more likely to take their children to 
the doctor, thus increasing the likelihood they would have reported health conditions in 
the survey.  A second unpredicted finding was that Hispanic and African American 
mothers were less likely to have children with health conditions than White mothers.  
Given that health inequalities in the U.S. fall along ethnic and socioeconomic lines, 
African Americans and Hispanics are twice as likely to be uninsured (The White House 
n.d.) and thus may be less likely to take their children to the doctor, potentially 
decreasing the likelihood they would have reported health conditions in the survey.  
Conclusion 
This study provides support for the viability of using evolutionary theories to 
examine public health issues, as this study provides novel findings regarding the long-
term, next-generation impact of the AMRI on offspring health.  In addition, this study 
sheds light on the extent to which an AMRI impacts offspring health, contributing to our 
understanding of parental influences on child development and well-being.  The results 
suggest that if the rise of debilitating health conditions in childhood is to be slowed or 
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reversed, one point of intervention may be with the mother before the child is even born.  
Policies and programs that help to delay a mother’s reproductive development may 
contribute to positive, long-term outcomes for children.  
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Figure 1. Conceptual Model 
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Table 1. Sample Descriptives (n=2,396) 
 Mean    SD Range 
Dependent Variable    
Number of Health Conditions 0.41 0.67 0 - 2 
Independent Variable    
Accelerated Maternal  
Reproductive Index 0.90 0.89 0 - 3 
     Early menarche 0.27 0.45 0 - 1 
     Early sexual debut 0.31 0.46 0 - 1 
     Early age at first birth 0.32 0.46 0 - 1 
Childhood Variables    
     Low Birth Weight 0.08 0.27 0 - 1 
     Father Absence 0.44 0.50 0 - 1 
Adolescent Variables    
   Parent Income (in thousands) 37.72 26.01 0 - 150 
Parent Education    
   Less than high school degree 0.21 0.41 0 - 1 
   High school degree 0.35 0.48 0 - 1 
   Some college completed 0.28 0.45 0 - 1 
   College degree + 0.16 0.37 0 - 1 
Health Insurance  0.84 0.36 0 - 1 
Weight Status    
   Underweight 0.02 0.15 0 - 1 
   Healthy 0.75 0.43 0 - 1 
   Overweight 0.14 0.35 0 - 1 
   Obese 0.08 0.28 0 - 1 
Ethnicity Variables    
White 0.56 0.50 0 - 1 
Hispanic 0.17 0.37 0 - 1 
African American 0.22 0.41 0 - 1 
Asian 0.03 0.17 0 - 1 
Native American 0.02 0.14 0 - 1 
Other 0.01 0.08 0 - 1 
Adulthood Variables    
Age 28.55 1.73 24 - 34 
Education    
   Less than high school 0.07 0.26 0 - 1 
   High school completed 0.17 0.38 0 - 1 
   Some college completed 0.52 0.50 0 - 1 
   College degree + 0.24 0.42 0 - 1 
    
81 
 
Weight Status 
   Underweight 0.02 0.14 0 - 1 
   Healthy 0.31 0.46 0 - 1 
   Overweight 0.28 0.45 0 - 1 
   Obese 0.39 0.49 0 - 1 
Prenatal Care 0.97 0.16 0 - 1 
Health Insurance  0.84 0.37 0 - 1 
Offspring Variables    
Low Birth Weight 0.09 0.28 0 - 1 
Premature Birth 0.09 0.29 0 - 1 
Age 5.82 3.53 0 - 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
